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Abstract: Bacterial infections are one of the important agents in the creation of gallstones in the gallbladder. 
In recent years the spread of antibiotic-resistant bacteria such as extended-spectrum β-lactamases (ESBL) is 
increasing and of concern in hospitalized patients worldwide. The purpose of this study was to investigate the 
antibiotic susceptibility patterns of isolated bacteria from the bile specimens of patients with chronic and acute 
cholecystitis who had been operated by single-incision laparoscopic cholecystectomy (SILC) in Isfahan (Iran) 
using an antibiogram susceptibility test and molecular technique. The bile fluids of 91 patients were obtained 
from the Al-Zahra hospital and were cultured on specific media for the isolation of Gram-negative and posi-
tive bacteria and the disk diffusion test was done to determine the antibiotic susceptibility patterns of isolated 
bacteria. Finally, bacterial DNA was extracted from the bile samples and polymerase chain reaction (PCR) was 
performed to investigate extended-spectrum β-lactamases genes. The bacteria Escherichia coli, Klebsiella pneu-
moniae, Proteus spp. and Staphylococcus aureus were detected in bile specimens cultured with high frequency, 
and the results showed that biliary infection increased with aging in patients with gallstone disease operated by 
SILC. The results showed a high frequency of ESBL genes including TEM, SHV, and CTX-M in isolated bac-
teria (especially Escherichia coli and Klebsiella spp.). Thus, evaluating the antibiotic susceptibility patterns and 
screening of ESBLs bacteria in patients with gallstones are essential. Prescribing suitable drugs, designing good 
strategies, and informing the medical community could decrease bile infection and antibiotic-resistant bacteria 
in clinical centers and hospitals.
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INTRODUCTION
The gallbladder is a sac-like organ located in the 
upper right of the abdomen, inferior and poste-
rior of the liver. Gallstones develop in the gall-
bladder or bile duct and can cause sudden pain 
(biliary colic), infection and inflammation (acute 
cholecystitis) as well as jaundice and fever (Vitet-
ta et al., 2000; Paterson et al., 2005). Acute chole-
cystitis is caused by gallstones in the gallbladder 
and the symptoms are sudden inflammation of 
the gallbladder and abdominal pain. Cholesterol, 
calcium bilirubinate, bile pigment and calcium 
salts such as calcium carbonate and other things 
found in bile make up gallstones (Pitout et al., 
2005; Paterson et al., 2005). In Europe, 30% of fe-
males over 60 years of age and in United States 15 
million people have gallstones (Abd-Alkareem, 
2011). Furthermore, the prevalence of gallstone 
disease varies depending on the geographic re-
gion, and in white adults of developed countries 
and American Indians it is 10-15%, and 60-70%, 
respectively (Stinton et al., 2010). The frequency 
of gallstone disease in black Americans, East 
Asia and sub-Saharan Africa is reduced (Shaffer, 
2006). There are few studies available about the 
frequency of gallstone disease in Iran (Massar-
rat, 2001). In Iran (2013), 20-50% of the patients 
with chronic cholecystitis had a positive bile cul-
ture for isolated bacteria (Moazeni Bistgani and 
Imani, 2013).
Bacteria play an important role in the cre-
ation of biofilms, formation of gallstones, and 
pathogenicity in patients. Bacterial species such 
as Pseudomonas, enterococci, Acinetobacter, 
Staphylococcus aureus, Salmonella typhi, Prote-
us, Klebsiella, and E. coli are causative pathogens 
and are related to patients who have gallbladder 
infection and cholecystitis. The sex and age of 
patients may correlate with the species of bacteria 
(Eslami et al., 2007; Hazrah et al., 2004). Antibi-
otic-resistant genes such as extended-spectrum 
β-lactamases (ESBLs) are increasingly prevalent 
worldwide in bacteria isolated from patients with 
gallstone disease (Naas et al., 2007). 
There are many methods including disk dif-
fusion, agar dilution, Etest, broth microdilution, 
and broth macrodilution used for in vitro antimi-
crobial susceptibility testing. These tests must be 
performed according to international accepted 
procedures such as those of the Clinical and Lab-
oratory Standards Institute (CLSI), Deutsches In-
stitut fur Normung e.V. (DIN), British Society for 
Antimicrobial Chemotherapy (BSAC), European 
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST), and Comite de l’Antibiogramme 
de la Scoiete Francaise de Microbiologie (CA-
SFM) (Kahlmeter et al., 2006). In this study, 
evaluation of the antibiotic susceptibility patterns 
of bacteria isolated from bile samples was done 
using the disk diffusion test, executed according 
to the CLSI. The aim of the present study was to 
determine the antibiotic susceptibility patterns 
of isolated bacteria from bile samples of patients 
with gallstone disease (chronic and acute cho-
lecystitis) who had been operated by single-in-
cision laparoscopic cholecystectomy (SILC) in 
Isfahan city (Iran) using the disk diffusion test 
and molecular technique.
MATERIALS AND METHODS
Sampling
The bile fluid of 91 patients operated by SILC 
was obtained from the Al-Zahra hospital (located 
in Isfahan, Iran) from April 2011 to December 
2012. Samples before bacterial culture and DNA 
extraction were immediately frozen at -70°C. 
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The protocol and informed consent forms were 
approved by the Regional Research Ethical 
Committee of Isfahan University of Medical Sci-
ences. Informed consents were obtained from 
all patients before their enrolling in the study 
according to the Helsinki Declaration. Patients 
were excluded from the study if they had taken 
antibiotics within two months before sample col-
lection. Details such as sex, age, clinical history, 
symptoms, and diagnostic tests were extracted 
from patients’ records. The patients were catego-
rized into two groups: 43 individuals (22-76 years 
old, mean age 42 years, 11 men and 32 women) 
and 48 individuals (22-79 years old, mean age 49 
years, 14 men and 34 women) who underwent 
laparoscopic cholecystectomy and were diag-
nosed with acute or chronic cholecystitis, respec-
tively (Table 1). All patients in both groups were 
submitted to abdominal echography to confirm 
the presence of cholelithiasis before the chole-
cystectomy. 
Microbiological study
The bile specimens of patients operated by lapa-
roscopic cholecystectomy were obtained and cul-
tured on blood agar (for isolation of Gram-posi-
tive bacteria), MacConkey agar and EMB agar for 
selection of Gram-negative bacteria from Gram-
positive. For optimization of Helicobacter growth, 
some of each sample were homogenized in R 
broth (consisting of Brucella broth containing 
HEPES, CuSO4, MnSO4, ZnSO4, FeSO4, MgCl2, 
sodium pyruvate, human blood serum, and ly-
sate) and were plated onto fresh R agar medium 
according to Richards et al. (2011). Plates were 
incubated at 37°C under microaerophilic condi-
tions for up to 21 days. The rest of the samples 
were cultured on Selenite F medium by swap for 
24 h at 37°C and then cultured again on selective 
Salmonella-Shigella agar medium.
Antibiotic susceptibility tests
In the present study, disk diffusion tests were done 
using the Kirby-Bauer method for determination 
of the antibiotic susceptibility patterns of isolated 
bacteria from bile specimens of patients using stan-
dard antibiotic disks (i2a, Perols Cedex, France) and 
Mueller-Hinton agar plates (BD, Franklin Lakes, 
NJ). Isolated bacteria were categorized as suscep-
tible, resistant, or intermediate after determination 
of inhibitor zone around the disks according to the 
standards for antimicrobial susceptibility testing 
published by the Clinical and Laboratory Standards 
Institute (CLSI) in January 2013. The names of ap-
plied antibiotic disks are shown in Table 2.
Table 1. The age groups of patients with gallstone disease (chronic 
and acute cholecystitis) operated by laparoscopic cholecystectomy
Age group 
(years)
Chronic cholecystitis 
Female / Male
Acute cholecystitis 
Female / Male
21-30 5 / 1 5 / 2
31-40 8 / 2 7 / 3
41-50 10 / 5 9 / 2
51-60 4 / 3 6 / 4
61-70 4 / 2 2 / 0
71-80 3 / 1 3 / 0
Mean age 49 42
Total of patients 34 / 14 32 / 11
Table 2. Antibiotic disks used for determination of antibiotic 
susceptibility patterns of isolated bacteria from bile specimens 
by disk diffusion test
Antibiotic
Amoxicillin Gentamicin
Ampicillin Ceftazidime
Piperacillin  Cefotaxime
Imipenem Cefotetan
Amikacin Cephalosporins
Ciprofloxacin Cefazolin
Ofloxacin Cefepime
Meropenem Ceftriaxone
Trimethoprim Cefoperazone
Nitrofurantoin  Gentamicin
614 Fatemi et al.
DNA isolation
Total DNA was extracted from each bile speci-
men using a QIAamp DNA Mini kit (Qiagen 
GmbH, Hilden, Germany) according to the 
manufacturer’s recommendation. The quality of 
extracted DNA was quantified by spectrophoto-
metric measurement at a wavelength of 260 nm 
according to the method described by Sambrook 
and Russell (2001).
Gene amplification
PCR using specific primers was performed to de-
termine the ESBLs genes (TEM, SHV, CTX-M) 
in isolated bacteria. The primer sequences were 
obtained from AitMhand et al. (2002), Bonnet et 
al. (2002) and Wiegand et al. (2007) studies and 
are shown in Table 3. 
PCR was performed in a total volume of 25 
μL in 0.5 mL tubes containing 1 μg of template 
DNA, 1 μM of each primer, 200 μM dNTP, 2 
mM Mgcl2, 2.5 μL of 10X PCR buffer (20 mM 
Tris-HCl pH=8.4, 50 mM KCl), and 1 unit of Taq 
DNA polymerase (Takara Bio Inc.). 2 μL of ster-
ile ultrapure deionized water instead of template 
DNA were used as a negative control. The tubes 
were placed in a Gradient Palm Cycler (Corbett 
Research, Australia) for gene amplification. The 
PCR temperature programs consisted of initial 
denaturation at 94°C for 5 min; followed by 32 
cycles including denaturation at 94°C for 1 min, 
annealing at 55°C (TEM), 65°C (SHV), and 65°C 
(CTX-M) for 1 min, elongation at 72°C for 1 min, 
and a final elongation at 72°C for 5 min was done 
at the end of the amplification program.
Analysis of PCR products
The PCR products were analyzed in 2% agarose 
gel electrophoresis. The electrode buffer was 
TBE (10.8 g of Tris-base 89 mM, 5.5 g of Bo-
ric acid 2 mM, EDTA (pH=8.0) 4 ml of 0.5 M 
EDTA (pH=8.0). A 1 kb DNA ladder (Fermentas, 
Germany) was used to determine the length of 
the amplified fragments. PCR products (10 µL) 
were applied to the gel. Finally, gels were stained 
with ethidium bromide. A constant voltage of 80 
V for 30 min was used for product separation. 
After electrophoresis, images were obtained us-
ing UVIdoc gel documentation systems (Uvitec, 
UK).
RESULTS
The cultures of bile specimens of 91 patients 
operated by SILC on specific culture media 
showed a high-frequency of Gram-negative 
bacteria including Escherichia coli (E. coli) in 
78 cases (85.7%), Klebsiella pneumoniae in 38 
cases (41.7%), Proteus spp. in 30 cases (32.96%), 
Table 3. Primer used for amplification of ESBL genes in resistant bacteria
Genes Primer name Sequence Product length (bp)
GenBank  
Accession number
TEM T1-F T3-R
5′-ATTCTTGAAGACGAAAGGGCCTC-3′
5′-TTGGTCTGACAGTTACCAATGC-3′ 1082 KF826293.1
SHV NI1-F NI2-R
5′-GCCCGGGTTATTCTTATTTGTCGC-3′
5′-TCTTTCCGATGCCGCCGCCAGTCA-3′ 1016 CP006662.1
CTX-M CTX-MA-F CTX-MB-R
5′-CGCTTTGCGATGTGCAG-3′
5′-ACCGCGATATCGTTGGT-3′ 551 KF876133.1
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Bacteroides spp. in 30 cases (32.96%), and Pseu-
domonas aeruginosa in 23 cases (25.27%). Of 
Gram-positive bacteria, a high rate of Staphylo-
coccus aureus was found in 27 cases (29.67%). 
Furthermore, low frequencies of Enterococcus 
spp., Salmonella enterica (S. Typhi), Citrobacter 
providencia, Acinetobacter spp., Clostridia spp., 
Streptococcus faecalis, and Aerobacter were de-
tected (Table 4). The mean age of patients with 
positive and negative bile cultures was 54.2±14.3 
and 55.6±14.5 years, respectively, and significant 
differences based on the Student’s t-test (P<0.05) 
were observed.
The bile specimen cultures using the disk 
diffusion test showed that 41 (52.56%), and 22 
(57.89%) of isolated E. coli and K. pneumonia 
were ESBLs, respectively. The amplified ESBL 
genes using PCR technique revealed fragments 
with a length size of 1082, 1016, and 551bp for 
TEM, SHV, and CTX-M genes, respectively (Fig. 
1). Analysis of the PCR products showed that 
TEM, SHV, and CTX-M genes were presented in 
29 (70%), 38 (92%), and 33 (80%) of 41 isolated 
E. coli samples, respectively, while these genes 
were identified in 31 (75%), 39 (95%), and 34 
(83%) of 22 K. pneumonia isolates from bile 
fluid samples of patients with gallstone disease, 
respectively.
DISCUSSION
Bacterial infections are important agents in the 
creation of gallstones in the gallbladder when bile 
flow is slowed or blocked (Petakovic et al., 2002). 
In recent years, antibiotic-resistant bacteria in-
cluding ESBLs are of concern in hospitalized pa-
tients worldwide. In this study, we cultured the 
bile specimens of patients operated by SILC on 
specific culture media and the antibiotic suscep-
tibility patterns of the isolated bacteria were eval-
uated by disk diffusion test and molecular tech-
nique. After the culturing of 91 bile samples on 
specific media, Gram-negative bacteria including 
E. coli, K. pneumoniae, Proteus spp., Bacteroides 
spp., and Pseudomonas aeruginosa in 85.7%, 
41.7%, 32.96%, 32.96%, and 25.27% of cases were 
Table 4. Frequency of isolated bacteria from bile samples of pa-
tients with gallstone disease operated by SILC
No. of Patients  
(%) Total: 91 cases Species of bacteria
78 (85.7) Escherichia coli
38 (41.7) Klebsiella pneumoniae
3 (3.29) Aerobacter
11 (12.08) Salmonella enterica (S. Typhi)
30 (32.96) Proteus spp.
12 (13.18) Citrobacter providencia
9 (9.89) Acinetobacter spp.
23 (25.27) Pseudomonas aeruginosa
30 (32.96) Bacteroides spp.
8 (8.79) Clostridia spp.
17 (18.68) Enterococcus spp.
27 (29.67) Staphylococcus aureus
4 (4.39) Streptococcus faecalis
Fig. 1. Two percent agarose gel electrophoresis of PCR products 
using oligonucleotide primers for detection of TEM, SHV, and 
CTX-M genes, respectively. Lane M – 1 kb DNA ladder (Fermen-
tas, Germany); lane 1 – blank (negative control); lanes 2, 3 and 
4 – TEM (1082bp), SHV (1016bp), and CTX-M (551bp) genes, 
respectively
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observed, respectively. Gram-positive bacteria 
such as S. aureus were detected with high fre-
quency (29.67%), while other infectious bac-
teria including Enterococcus spp., Salmonella 
enterica (S. Typhi), Citrobacter providencia, 
Acinetobacter spp., Clostridia spp., Streptococ-
cus faecalis, and Aerobacter were observed in 
low frequency. High rates of ESBL bacteria 
including E. coli and Klebsiella spp. using the 
disk diffusion test were observed in the Al-
Zahra hospital (Isfahan, Iran). Furthermore, 
the amplification of ESBL genes (TEM, SHV, 
and CTX-M) in isolated ESBL-positive bacteria 
including E. coli and Klebsiella spp. showed a 
high frequency of these genes in patients with 
gallstone disease operated by SILC. ESBL bac-
teria have been reported from different regions 
of the world including Australia, China, Saudi 
Arabia, Israel, and a variety of North African 
countries (Cheng and Chen, 1994; AitMhand 
et al., 2002; Borer et al., 2002; Paterson et al., 
2005). ESBLs have also been documented in 30-
60% of Klebsiella from intensive care units in 
Brazil, Colombia, and Venezuela (Mendes et al., 
2000; Otman et al., 2002; Paterson et al., 2005). 
The study of Valceano et al. (2005) on the inci-
dence of biliary tract infections in benign gall-
bladder disease showed Gram-negative bacteria 
such as E. coli, Proteus spp., and Klebsiella spp. 
to be the most frequent, similar to the results 
of our study. But their research showed that the 
Gram-positive bacrteria such as Streptococcus 
viridans and Staphylococcus spp., were not so 
frequent, while we observed a high frequen-
cy of S. aureus in the bile samples. Yagi et al. 
(2000) isolated ESBLs in clinical isolates of K. 
pneumoniae and E. coli using minimal inhibito-
ry concentrations (MICs) of oxyimino-cepha-
losporins and confirmation by double-disk test 
in Japan and showed that these bacteria pro-
duced ESBLs genes. Naas et al. (2007) identi-
fied a high presence of CTX-M-type extended-
spectrum-β-Lactamase genes in France using 
real-time PCR and pyrosequencing, pointing to 
high frequencies of ESBL genes. The study of 
Ballal et al. (2001) showed that E. coli, Klebsi-
ella, and Bacillus fragilis are predominant, while 
in the study of Al Harbi et al.( 2001), E. coli 
(26.1%), Enterococcus facials (15.6%), and P. ae-
ruginosa are the most common isolated organ-
isms. These findings indicated that E. coli and 
Klebsiella are the common organisms detected 
in biliary infection. The study of Moazeni Bist-
gani and Imani (2013) in Iran on the antibacte-
rial susceptibility patterns of isolated bacteria 
from patients with cholelithiasis showed that 
37.87% of cases had positive bile cultures and 
E. coli and Enterobacter were the most common 
isolates (26%), while in our study, E. coli and K. 
pneumoniae are more frequent.
CONCLUSIONS
In the current study, antibiotic susceptibility 
tests and PCR indicated a high frequency of 
Gram-negative and positive bacteria such as E. 
coli, K. pneumoniae, and S. aureus in the bile 
specimens of patients operated by SILC. Fur-
thermore, biliary infection increased with aging 
in gallstone disease patients operated by SILC 
and indicated that the evaluation of antibiotic 
susceptibility patterns in isolated bacteria and 
screening of ESBL bacteria in bile samples are 
essential in hospitals.
Acknowledgments: This study was supported through 
funds provided by the Isfahan University of Medical Sci-
ences, Isfahan, Iran. 
Conflict of interest disclosure: We declare no conflict of 
interest in this study.
ANTIBIOTIC SUSCEPTIBILITY PATTERNS 617
REFERENCES
Abd-Alkareem, A. Y. (2011). Gallstones associated with bacterial 
incidence. Tikrit. J. Pure Sci. 16(4), 19-22.
AitMhand, R., Soukri, A., Moustaoui, N., Amarouch, H., ElM-
daghri, N., Sirot, D. and M. Benbachir (2002). Plasmid-
mediated TEM-3 extended-spectrum beta-lactamase 
production in Salmonella typhimuium in Casablanca. J. 
Antimicrob. Chemother. 49, 169-172.
Al Harbi, M., Osoba, A. O., Mowallad, A. and K. Al-Ahmadi 
(2001). Tract microflora in Saudi patients with cholelithia-
sis. Trop. Med. Int. Health. 6(7), 570-574.
Ballal, M., Jyothi, K. N., Antony, B., Arun, C., Prabhu, T. and P. G. 
Shivananda (2001). Bacteriological spectrum of cholecys-
titis and its antibiogram. Indian J. Med. Microbiol. 19(4), 
212-214.
Bonnet, R., Recule, C., Baraduc, R., Chanal, C., Sirot, D., De 
Champs, C. and J. Sirot (2003). Effect of D240G substitu-
tion in a novel ESBL CTX-M-27. J. Antimicrob. Chemother. 
52, 29-35.
Borer, A., Gilad, J., Menashe, G., Peled, N., Riesenberg, K. and F. 
Schlaeffer (2002). Extended-spectrum beta-lactamase-pro-
ducing Enterobacteriaceae strains in community-acquired 
bacteremia in southern Israel. Med. Sci. Monit. 8, CR44-47.
Cheng, Y., Li, Y. and M. Che (1994). A plasmid-mediated SHV 
type extended-spectrum beta-lactamase in Beijing isolate 
of Enterobacter gergoviae. Wei. Sheng. Wu. Xue. Bao. 34, 
106-112.
Eslami, G., Nowruzi, J., Fllah, F., Goudarzi, H., Hakemivala, M. 
and S. Jahangiri (2007). Detection of bacteria responsible 
for gallbladder inflammation and gallstones. Arch. J. Clin. 
Infect. Dis. 2(3), 139-141.
Hazrah, P., Oahn, K. T. H., Tewari, M., Pandey, A. K., Kumar, K., 
Mohapatra, T. M. and H. S. Shukla (2004). The frequency 
of live bacteria in gallstones. HPB (Oxford); 6(1), 28-32.
Kahlmeter, G., Brown, D. F. J., Goldstein, F. W., MacGowan, A. P., 
Mouton, J. W., Odenholt, I., Rodloff, A., Soussy, C-J., Stein-
bakk, M. and F. Soriano (2006). European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) technical 
notes on antimicrobial susceptibility testing. Clin. Micro-
biol. Infect. 12(6), 501-503.
Massarrat, S. (2001). Prevalence of gallstone disease in Iran. J. 
Gastroenterol. Hepatol. 16(5), 564-567.
Mendes, C., Hsiung, A., Kiffer, C., Oplustil, C., Sinto, S., Mimica, 
I. and C. Zoccoli (2000). Evaluation of the in vitro activ-
ity of 9 antimicrobials against bacterial strains isolated 
from patients in intensive care units in Brazil: MYSTIC 
Antimicrobial Surveillance Program. Braz. J. Infect. Dis. 4, 
236-244.
Moazeni Bistgani, M. and R. Imani (2013). Bacteria isolated from 
patients with Cholelithiasis and their antibacterial suscep-
tibility pattern. Iranian Red. Cres. Med. J. 15(8), 759-761.
Naas, T., Oxacelay, C. and P. Nordmann (2007). Identification of 
CTX-M-type extended-spectrum-β-lactamase genes using 
real-time PCR and pyrosequencing. Antimicrob. Agents 
Chemother. 51(1), 223-230.
Otman, J., Cavassin, E. D., Perugini, M. E. and M. C. Vidotto 
(2002). An outbreak of extended-spectrum beta-lactamase-
producing Klebsiella species in a neonatal intensive care 
unit in Brazil. Infect. Control Hosp. Epidemiol. 23, 8-9.
Paterson, D. L. and R. A. Bonomo (2005). Extended-spectrum 
β-Lactamases: a clinical update. Clin. Microbiol. Rev. 18(4), 
657-686.
Petakovic, G., Korica, M. and S. Gavrilovic (2002). Bacteriologic 
examination of gallbladder contents. Med. Precl. 55(5-6), 
225-228.
Pitout, J. D., Nordmann, P., Laupland, K. B. and L. Poirel (2005). 
Emergence of Enterobacteriaceae producing extended-
spectrum beta-lactamases (ESBLs) in the community. J. 
Antimicrob. Chemother. 56, 52-59.
Richards, C. L., Buchholz, B. J., Ford, T. E., Broadaway, S. C., Pyle, 
B. H. and A. K. Camper (2011). Optimizing the growth 
of stressed Helicobacter pylori. J. Microbiol. Meth. 84(2), 
174-182. 
Sambrook, J. and D. W. Russell (2001). Molecular cloning: A labo-
ratory manual. 3rd Edition, Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, New York. pp 148-190.
Shaffer, E. A. (2006). Gallstone disease: Epidemiology of gallblad-
der stone disease. Best Pract. Res. Clin. Gastroenterol. 20(6), 
981-996.
Stinton, L. M., Myers, R. P. and E. A. Shaffer (2010). Epidemi-
ology of gallstones. Gastroenterol. Clin. North Am. 39(2), 
157-169.
Valceanu, D., Nica, C., Sava, A., Branea, S. and S. Blaj (2005). The 
incidence of biliary tract infections in benign gallbladder 
disease. Timisoara Med. J. 55(2), 145-147.
Vitetta, L., Best, S. P. and A. Sali (2000). Single and multiple 
cholesterol gallstones and the influence of bacteria. Med. 
Hypotheses 55(6), 502-506.
Wiegand, I., Geiss, H. K., Mack, D., Sturenburg, E. and H. Seif-
ert (2007). Detection of extended-spectrum β-lactamases 
among Enterobacteriaceae by use of semiautomated micro-
biology systems and manual detection procedures. J. Clin. 
Microbiol. 45, 1167-1174.
Yagi, T., Kurokawa, H., Shibata, N., Shibayama, K. and Y. Ara-
kawa (2000). A preliminary survey of extended-spectrum 
L-lactamases (ESBLs) in clinical isolates of Klebsiella pneu-
moniae and Escherichia coli in Japan. FEMS Microbiol. Lett. 
184, 53-56.
